Purpose To evaluate the in vivo effect of adding gefitinib to preoperative chemotherapy on the EGFR-dependent p42/44 MAPK in operable breast cancer (BC) patients. Secondary aims: to evaluate EGFR, (p)-EGFR, Ki67, apoptotic index (TUNEL test) and VEGFR2 expression from baseline to surgery, percentage of pathologic complete response (pCR), and toxicity. Patients and Methods 90 patients with stage II-IIIA BC have been randomized to receive epirubicin 90 mg/sqm and paclitaxel 175 mg/sqm on day 1 plus: gefitinib 250 mg daily from day 5 to 16 (Arm A, intermittent), gefitinib 250 mg daily from day 1 to 21 (Arm B, continuous), or placebo (Arm C). Treatment plan: 4 courses every 3 weeks, followed by surgery. Results After preoperative therapy, 86/90 patients underwent surgery; 46 patients (51%) received breast conservative surgery. A pCR was observed in 4 patients. No significant differences in the expression of p42/44 MAPK, EGFR, (p)-EGFR, VEGFR2, proliferation index and apoptosis were observed comparing the combined Arms A + B vs C, and comparing Arm A vs B. Hematologic toxicities were not significantly different comparing Arms A + B vs Arm C, and comparing Arm A vs B. Significantly higher skin and mucosal toxicities were observed when comparing the two gefitinib Arms (A + B) vs Arm C (32% vs 9.6%, P = 0.018; 57% vs 29%, P = 0.009 respectively), while no significant differences were observed comparing Arm A vs B. Conclusion Adding gefitinib to chemotherapy did not result in different effects on the EGFR-dependent pathway, proliferation, apoptosis and VEGFR2 expression as compared to placebo, while enhancing skin and mucosal toxicity. The two schedules of gefitinib (intermittent vs continuous) did not result in different biologic effects.
Introduction
The epidermal growth factor receptor (EGFR) is a transmembrane tyrosine kinase receptor of the ErbB family. The aberrant activation of this receptor leads to increased proliferation and angiogenesis, and reduced apoptosis [1] . EGFR is expressed by several epithelial tumors, and in breast cancer the positivity rate ranges between 14 to 91% [2] . The overexpression of EGFR has been associated with more aggressive breast cancer phenotype, and poorer patient outcome. In contrast to the other ErbB family member HER2, a standardized assay to determine the EGFR status has not been developed, neither a predictive marker for response to anti-EGFR therapies. Moreover, besides the EGFR over-expression, the activation of the EGFR signaling pathway can be due to different mechanisms including the over-expression of EGFR ligands, the mutation of EGFR which results in a constitutively activated form of EGFR, or the heterodimerization with other members of the ErbB family [3] [4] [5] [6] . Therefore, the sole measurement of the EGFR expression does not completely encompass the possible role of the EGFR pathway on tumor aggressiveness.
Gefitinib is an orally available, low molecular weight, reversible tyrosine kinase inhibitor of the EGFR, that has documented activity in NSCLC [7] [8] [9] . In this disease, the activity of this agent is dependent from the tridimensional structure of the EGFR ATP cleft more than its level of expression [10] .
Gefitinib has been tested also in advanced breast cancer both in monotherapy, and in combination with chemotherapy, with limited activity [11] [12] [13] [14] .
However, early trials with targeted therapies have shown that lack of activity in advanced stages and in heavily pretreated patients may not predict the efficacy in earlier stages of the disease. In fact, these agents predominently act by inhibiting cell proliferation instead of inducing apoptosis, therefore their maximum therapeutic effect might occur in the presence of low tumoral burden.
Primary systemic therapy, besides the proven advantage of increasing the chance for breast-conservative surgery, is the ideal model to test the activity and the efficacy of molecularly targeted agents. In fact, by evaluating the expression of tissue biomarkers before and after treatment, this strategy offers the unique opportunity to directly test in vivo the interactions between drugs and the tumor microenvironment, and their potential relations with tumor response and patient outcome.
We have therefore designed a randomized phase II multicentric trial with gefitinib plus chemotherapy as preoperative treatment for operable breast cancer.
Methods

Patient selection
Patients with histologically proven, previously untreated, primary breast cancer were eligible for this study if they met the following criteria: stage II-IIIA (tumor size > 2 cm) as determined by physical examination and mammography; age 18-70 years; normal cardiac function determined by electrocardiogram and left ventricular ejection fraction (L-VEF); World Health Organization (WHO) performance status 0; adequate contraceptive method (women of childbearing potential). The exclusion criteria were: locally advanced disease (stage IIIB) or inflammatory breast carcinoma; active infection; presence of distant metastases; any evidence of clinically active interstitial lung disease; absolute neutrophil count (ANC) less than 1.5 · 10 9 /l, or platelets less than 100 · 10 9 /l; serum bilirubin greater than 1.5 times the upper limit of reference range (ULRR); alanine amino transferase (ALT) or aspartate amino transferase (AST) greater than 2.5 times the ULRR; any evidence of severe or uncontrolled systemic disease; concomitant use of phenytoin, carbamazepine, rifampicin, barbiturates, or St John's Wort; pregnancy or breastfeeding.
Pre-study staging included mammography, chest XR, bone scan, liver ultrasonography, echocardiography and hematological blood tests.
The local human investigation committees of participating institutions approved the protocol; all patients gave the written informed consent to participate the study.
Study design
At baseline, a large core (14 gauge) breast biopsy for histological diagnosis and for the immunohistochemical (IHC) analyses of tumor biomarkers was performed.
Eligible patients were therefore randomized to receive chemotherapy with epirubicin 90 mg/m 2 intravenous (iv) bolus plus paclitaxel 175 mg/m 2 iv infusion over 3 h on day 1 for 4 courses administered every 3 weeks plus: gefitinib 250 mg orally once daily from day 5 to day 16 of four 3-weekly cycles of chemotherapy (Arm A, intermittent); or gefitinib 250 mg orally once daily from days 1 to 21 for four 3-weekly cycles of chemotherapy (Arm B, continuous); or placebo orally daily for four 3-weekly cycles of chemotherapy (Arm C, control). Arm B and Arm C were double blinded. The study plan is showed in Panel 1. Patients underwent surgery within 5 weeks from the administration of the 4th chemotherapy cycle.
Chemotherapy was not administered in case of: WBC < 3 · 10 9 /l, ANC < 1.5 · 10 9 /l, or platelet count was <100 · 10 9 /l. Epirubicin and paclitaxel doses were reduced by 25% in case of: febrile neutropenia, grade 4 thrombocytopenia lasting >3 days and/or thrombocytopenia associated with bleeding, grade 4 neutropenia lasting >7 days, grade 3 non hematologic toxicities (except for nausea/vomiting and alopecia). In case of grade 4 non hematologic toxicities epirubicin and paclitaxel doses were reduced by 50% or interrupted. Paclitaxel dose was reduced by 25% in case of grade 1 neurotoxicity, and discontinued in case of grade 2 neurotoxicity.
No dose reduction for gefitinib was foreseen. Repeated dose interruptions were allowed for a maximum of 14 days in case of: grade 3-4 diarrhea, grade 2 diarrhea with rapidly declining ANC, poorly tolerated skin toxicity, respiratory symptoms suspicious for interstitial lung disease, any other grade 3-4 toxicity or lower clinically relevant toxicity. Gefitinib dose was restarted when toxicity reverted to grade 1.
Study aims
The primary end-point of the study was to evaluate the inhibition induced by chemotherapy plus gefitinib vs chemotherapy plus placebo on the EGFR dependent p42/44 MAPK from biopsy to surgery. Secondary aims were to evaluate the modifications in EGFR and activated/phosphorylated (p)-EGFR expression, in proliferation index, apoptotic index and VEGF-R (Flk1) expression from biopsy to surgery; to evaluate the percentage of pCR, and the toxicity of this combination. pCR was defined as complete disappearance of invasive carcinoma in both breast and axillary lymph nodes. Residual DCIS was included in the pCR category.
Pathology
All the specimens from both biopsy and surgery were centrally analyzed at the Department of Pathology in Modena for the evaluation of the following parameters: p42/44 MAPK, EGFR, (p)-EGFR, proliferation index (Ki-67), apoptotic index (TUNEL assay) and VEGFR2 (KDR/Flk1) expression. A dedicated breast pathologist, blinded to patient treatment allocation and clinical outcome, reviewed all paired biopsy and surgical specimens.
Immunohistochemical staining
Tumor specimens has been fixed in 10% neutral-buffered formalin for 20-28 h before processing and embedding at local pathology centers in paraffin wax blocks.
The antibody used were Phospho-p44/42 MAP Kinase (Thr202/Tyr204), Cell Signaling, diluited at 1:30; (p)-EGFR (Tyr 1068), Cell Signaling, diluted at 1:20; EGFR clone 31G7, Zymed, diluted at 1:100; VEGFR2 (FLK1), Neomarkers, diluted at 1:150; Ki 67clone Ki-mib-1 diluted at 1:200. Immunohistochemical staining was performed according to the avidin-biotin method, using tissue sections of 3 micron thickness. After deparaffinization in xylene and graded alcohols, epitope retrieval was performed. Antigene retrieval for p42/44 MAPK, (p)-EGFR, VEGFR2 and Ki-67 was made in 10 mM EDTA buffer (pH 8) in a microwave. Epitope retrieval for EGFR was made by protease XIV for 10 min. After epitope retrieval, endogenous peroxidase was blocked by 0.3% hydrogen peroxide for 15 min. Section were incubated with primary antibody for 30 min at 37°C. then with the biotinylated secondary antibody for 20 min at 37°C and then in avidin-biotin complex for a further 45 min. Diaminobenzidine tetrahydrochloride (DAB) was used as chromogen. The following parameters has been recorded: presence or absence of immunoreaction (diffuse or focal), cell types exhibiting a positive reaction (tumor cells, endothelia, stromal cells, inflammatory cells) and percentage of immunostained cells.
Assessment of the apoptotic index
The sections were stained for apoptosis using the terminal deoxynucleotidyl transferase biotin-dUTP nick end labeling technique. Apoptotic cells were identified by the TUNEL method, according the standard procedure included in the Apop Tag Plus In situ Apoptosis Detection Kit (Chemicon International). The Apoptotic Index (AI) was defined as the percentage of apoptotic events per cells population. The AI was assessed by counting at least 3,000 malignant cells randomly selected at 400· magnification.
Statistics
The primary comparison was planned between combined arms A and B versus arm C. Assuming the mean percentage of p42/44 MAPK positive cancer cells x% after four courses of chemotherapy and placebo, and Y% after four courses of chemotherapy plus gefitinib (intermittent and continuous arms combined), 30 subjects per treatment arm would be sufficient to detect a reduction to a y% of half of x% at a two sided alpha of 5% with a power of 80%, and provided the standard deviation of the difference preand post-gefitinib was no more than 0.7 times x%, assuming a drop out rate of 1/6 and making an allowance for non-parametric test.
The Wilcoxon rank sum test was used to compare median differences of biomarker values from baseline to surgery in Arms A and B pooled and Arm C. All subjects that were randomised and received the first dose of study treatment were considered intention-to-treat (ITT) population. Safety analysis set is composed of all patients who received al least the first dose of study treatment (all 90 patients). Chi-square test was used to compare the proportions of patients with various types of toxicity.
The Wilcoxon sign rank matched pairs test was used to evaluate differences between baseline and surgery biomarker expression.
Results
Patients and response
From April 2004 to January 2006, 90 patients from 10 Italian Centers were randomized. Table 1 summarizes patient characteristics overall, and by treatment arm.
The median age of the whole group was 51 (range 29-69). The clinical stage was IIA in 36 patients (40%), IIB in 44 patients (49%), and IIIA in 9 patients (10%). One patient with clinical stage IIIB was wrongly enrolled but was considered for all the protocol outcomes according to the ITT analysis. Patients characteristics were balanced among the 3 treatment arms, with the exception of HER2 and EGFR expression.
Eighty-six out of 90 patients have been submitted to surgery after primary treatment; reasons for not undergoing surgery were: one death because of car accident, 1 patient major protocol deviation and lost to follow up, 1 treatment interruption due to adverse event, and one death due to myocardial infarction in the operating room. According to ITT analysis, 46/90 patients (51%) underwent breast conservative surgery: 17 (63%) in Arm A, 15 (47%) in Arm B, and 14 (45%) in Arm C. A pCR in both breast and axillary nodes was observed in 4 patients: 2 in Arm A, 1 in Arm B and C respectively. The pCR rate was significantly higher in hormone receptor negative versus positive tumors (12.5% vs 1.5%, P = 0.02). No significant differences were observed according to HER2 status (pCR rate 9.5% in HER2+ vs 3.2% in HER2À, P = 0.25) or to EGFR expression (pCR rate 6.6% in EGFR+ vs 4.3% in EGFRÀ, P = 0.70).
Compliance with treatment and toxicity Overall, 10 patients discontinued the experimental treatment: 1 patient in Arm A for a grade 3 hypertransaminasemia, 4 patients in Arm B (1 treatment and cancer unrelated death; 1 grade 3 hypertransaminasemia; 1 progression of disease; 1 grade 3 skin toxicity), and 5 patients in Arm C (1 grade 2 enteritis; 1 grade 4 hypertransaminasemia; 1 perforative peritonitis; 1 severe mood alteration requiring carbamazepine; 1 major protocol deviation).
Chemotherapy dose reductions or delays were necessary in 28% of courses in Arm A, 19% in Arm B and 15% in Arm C (P = ns).
Grade 3-4 hematologic toxicities per treatment arms are summarized in Table 2 : no significant differences were observed when comparing the two arms with chemotherapy plus gefitinib (Arms A and B) versus chemotherapy plus placebo (Arm C), nor comparing the two different schedules of gefitinib in combination with chemotherapy (Arm A vs Arm B).
Non hematologic toxicities are summarized in Table 3 . Significantly higher skin and mucosal toxicities were observed when comparing the two gefitinib Arms (A + B) vs the placebo arm C (32.2% vs 9.6%, P = 0.018 and 57.6% vs 29.0%, P = 0.009 respectively). Again, no significant differences were observed when comparing Arm A vs Arm B (intermittent vs continuous gefitinib).
Biomarker expression
Adding gefitinib to chemotherapy did not result in a decreased expression of p42/44 MAPK from baseline to surgery as compared to chemotherapy plus placebo: the median (min;max) differences in p42/44 MAPK expression were 5 (À70; 90) in combined Arms A + B and 5 (À14; 52) in Arm C (P = 0.98). The same observation was found when comparing Arm A vs Arm B: the median (min;max) differences were 6.5 (À2; 60) and 3 (À70; 50) respectively (P = 0.4870) (Fig. 1) .
Similar findings were observed in the expression of the other tumor biomarkers (EGFR, (p)-EGFR, VEGFR2, proliferation and apoptosis). No significant differences were observed comparing the combined Arms A + B vs C, and comparing Arm A vs B (Table 4) .
On the contrary, irrespectively of treatment arm, a significant reduction in the expression of tumor biomarkers from baseline to surgery was observed, with the exception of EGFR. In particular, the median (min;max) values at baseline and at surgery were: p42/44 MAPK 7 (0;65) and 1 (0;70) (P < 0. 
Discussion
Primary systemic therapy for operable disease represents the ideal model to test the in vivo effects of targeted agents on the tumor microenvironment. In fact, the diagnostic biopsy allows for the evaluation of unperturbed tumor characteristics, while the measurement of the same Table 2 Grade 3-4 Hematologic toxicity by treatment arm (Number and % of patients) ARM A (27 pts) ARM B (32 pts) ARM C (31 pts) biomarkers after therapy gives the opportunity to better understand the interactions between biomarker modulation and treatment effects. This phase II randomized trial was designed on the basis of a biological primary end point: to evaluate the effect of chemotherapy plus gefitinib vs chemotherapy plus placebo on the expression of the EGFR dependent p42/44 MAPK (also called ERK). The mitogen-activated protein kinase (MAPK) family is an intracellular pathway that regulates cell survival and death. In particular, the stress-activated protein kinases JNK/SAPK and p38MAPK seem to promote apoptotic signaling in response to chemical and Table 3 Non-hematologic toxicity by treatment arm (Number and % of patients) ARM A (27 pts) ARM B (32 pts) ARM C (31 pts) environmental stress. The mitogen activated protein p42/44 MAPK is activated by extracellular signaling, and its activation has been associated with cell proliferation and survival [15] [16] [17] . We hypothesized that the addition of the tyrosine kinase inhibitor of EGFR gefitinib to chemotherapy would result in an enhanced inhibition of the p42/44 MAPK as compared to chemotherapy plus placebo. Contrary to this expectation, the inhibition of p42/44 MAPK was not significantly different between patients receiving or not gefitinib. However, a significant inhibition of this intracellular pathway was observed independently by treatment arm. Therefore, we can hypothesize that chemotherapy by itself can inhibit the p42/44 MAPK, thus masking the effect of gefitinib on its specific cellular pathway. The effect of chemotherapy on the p42/44 MAPK has been extensively studied on cell lines, however without conclusive results [18] . In particular, paclitaxel has been shown to increase the p42/44 MAPK activity, with either enhanced or decreased apoptosis, as well as no effect [19] [20] [21] . Therefore, whether activation of p42/44 MAPK signaling represents a protective or proapoptotic response to paclitaxel exposure remains an unsolved question. Data with anthracyclines are even more scanty and uncertain [18] .
Similarly to that observed for p42/44 MAPK, the expression of EGFR, (p)-EGFR, VEGFR2 as well as tumor proliferation (Ki 67) and apoptotic index was not significantly modified by adding to chemotherapy gefitinib or placebo. On the contrary, except for the EGFR, all these parameters were significantly reduced after therapy, irrespectively of treatment arm.
Our patient population was not selected nor stratified for EGFR status. This choice was dictated by the lack of reproducibility among different laboratories in the EGFR assay and by the uncertain relation between EGFR expression and its dependent signaling pathway in breast cancer [22] . Unfortunately, by chance, in the chemotherapy plus placebo arm there was a significantly lower percentage of HER2-positive and a significantly higher percentage of EGFR-expressing tumors. The most interesting results with gefitinib derive from a randomized trial comparing preoperative gefitinib vs gefitinib plus anastrozole in a patient population selected for EGFR and ER expression [23] . We cannot therefore rule out the hypothesis that our results are influenced by the unselected patient population and the imbalance in HER-family expression in the three arms. However, as a matter of fact, the inhibition of the EGFR dependent pathway, was surprisingly consistent across the different treatment arms.
The pCR rate was a secondary end point of the study and was lower than expected.
It is known that the probability of achieving a pCR is significantly higher in case of lower T size, and negative hormone receptors. In our study population, the mean T size was 3.3 cm (range 2-9 cm) and 70% of the patients had ER positive tumors. These features might in part account for the low pCR rate. In a randomized trial comparing preoperative anastrozole + gefitinib vs anastrozole in operable breast cancer patients, the combination resulted in a lower inhibition of ki67, and in a trend for a lower ORR versus anastrozole alone, thus suggesting a potential detrimental effect of gefitinib [24] . In our trial no difference in the pCR rate was observed comparing the arms with gefitinib plus chemotherapy versus chemotherapy plus placebo, therefore it is unlike that gefitinib had in some way reduced the activity of chemotherapy. Furthermore, despite the low rate of pCR, we observed an interesting rate of breast conservative surgery (51%), considering that 60% of the patients were stage IIB or IIIA at diagnosis. Overall, treatment was well tolerated, and the toxicity profile was not dissimilar to that reported for either treatment alone. As expected, the combination of gefitinib plus chemotherapy (Arms A + B) resulted in a significantly higher skin and mucosal toxicity as compared to chemotherapy plus placebo (Arm C). Unexpectedly, considering that patients in Arm B received almost doubled dose of gefitinib (21 daily doses vs 12 daily doses in Arm A) no differences in toxicity were observed when comparing the two different schedules of gefitinib administration. In conclusion, adding gefitinib to chemotherapy does not result in different effects on the EGFR-dependent pathway, proliferation, apoptotic index and VEGFR2 expression as compared to chemotherapy plus placebo, while enhancing skin and mucosal toxicity. Moreover, the two schedules of gefitinib (intermittent vs continuous) did not result in significantly different biologic effects.
These and other disappointing results obtained both in advanced and in early disease, suggest that the inhibition of the EGFR-driven pathway is unlikely to play a key role in the majority of breast cancers. A better standardization of EGFR assay, a more precise definition of the role of EGFR pathway in specific molecular subsets such as triple negative disease and availability of new ErbB family targeting agents, are likely to renew the interest in targeting this signaling pathway in breast cancer.
